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THE ETFIICTOl?THE ANGLE OF AFTER30gYKEEL ON ““”
.=

TWU WATER PERFORMANCE03’A I?LYIW-30AT HULL MODEL

?3yJohn M. Allison
.-

SUMMARY

N.A.C.A.model 11-C was tested in the N,A.C,A.tank
accordingto the generalmethod with the angle of after-
body keel set at five differentangles from 2-1/2° to 9°,
but without changingother featuresof the hu>l. The re-
sults of the tests are expressedin curves of test data
and of zmndinensionalcoefficients- .. —._-.—-—— _-

At the depth of step used in the tests, 3.3-p6rcent
.-

beam, the smallerangles of aftortodykeoi give greater
Ioad-resistancera’ciosat the hump speed and smallerat
high speed than the larger angles of afterbodykeels com-
parisons are made of the load-resistance”ratios a~ several
other points in the speed range~

The effect of variationof the angle of afterbo~y ‘“-- ‘“=
keel upon the take-offperformanceof a hypotheticalfly-
ing boat of 15,000pounds gross weight IWving a hu~l of
model 11-C lines is calculated-and the calculationsShoti-
that the craft with the larg~s~ o-f
body keel tested,9°, takes-offin
tance.

INTRODUCTION

The aftertodyand foretmdyof

the angles of after-
iF.ele”ast*imO-‘aria&is-

-— —

—-—

boat act together-to produce tfietotal hydro”&ynamic-li~t
and resistance. At rest, and at low speeds,the forebody
and afterbody together supply the ?xaoyancy”r’e~tiiredto -.
keep the hull afloat. With increasein speed,the bow ,
rises and the afterbody surfaceruns in the ‘~”a-%erat a.,
positive angle of attack favorablofor lifting. After ‘the
hull rises on the step and planing begins, the afterbody ,,
no longer plays an importantpart in prov-idinglift, but
it may be a source of considerablercsistanc~’ifit rti~s

.... ~
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near enough to the surfaceof the water to be struckhy
spray thrown back from the ;~laningforebody~

The general effect of change .int:~eangle of arter-
body keel upon the water performanceof models of flying-
boat hulls had been olservod.in testinga zwmbor of mod-
els, but i’tcould not be.deturninodquantitativelyin
those tests because it could not ~-~soparatcdfrom the
effectsof other changas. These tests havo been made with
a model of generallyconventionalform in which the an~lo
of s,ftorbodykeel can bc changedwithout changingtho rest
of the nodel.

DESCRIPTIONOF MODEL

N.A.C.A.model 11-C, the offsetsfor which are given
in table 1, was used in those tests. As shown in figure
1$ this model.was made in two pieces joiaod atithe step
and was so arrangedthat the angle of aftorhodykeel could
%e changed by insertingwooden wed~os,of s.uitablotaper’
between tho afterbodyand forobody. Tho angle bctwaon t~o
afterbodykocl and tho baso lino is takenas tho anglo of
afterbodykcol; the finglebetween the forebodyand after-
%ody keel lines will be 1° m:orethan the angle of af%er-
body keel, as defined. The distanc~from the step t-~”the
after end of the after”oody,or stor?post,was kept con-
stant for all‘thechar:gesinvostigatod.

The model was built of laminatednahoganywith a tol-
erance of 0.02 inch on dimensionsbelow the chines. The
surfacewas finishedwith severalcoats ofgray enamel
rubbed smooth. The settingsof the angle of afterbody
keel are believedto be accurate to +0.15°. For convcn-
ionce, each change of settingwas given an identification
number followingthe 11-(5as follows:

Model &ngle of afterboQ kce~-—————

11-C-3 4°

21-C 5-1/2° 8

11-C-9 7°

12-C-1O ~o

I
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A.PPARMUSAM! TEST MET.EOS)

The N.A.C.A, tank and its equipnentused in these
tests are describedin references1 and 2. The tests were
of the “general’ttype in which the model is towed at a
number of constantspeedsat differentfixed angles 07
trim and at differentconstantloadsa .-

RZSULTS

The net values of resistanceand trimmingmoment are
plotted.against speed in figures2 to 33 and includethe
air drag on the part of the model a%ove the water, !l?he
center about which moments are taken is shown in figure 1* .
A positive trimmingmoment is one that tends to increase
the trim angle; that is, to raise the I)ow. Trim angle in
this caso is the angle betweenthe base line and the water
surfacoc

Precision.-The test resultsas representedhy the
faired curves are believedto be accuratewithin the fol-
lowing liiaits: .“—--=

Resistance +0.2 lb,

Load * .3 1%.

Speed + .1 ft,/sec. ---— -..-—---

Trim angle * .10

Trixuaing’moment +1 1%8-ft* .-

Qerived data.- The nondimensionalcoefficientsuse~--” -
are as follof{”s:” .-...* ---SC --—-—— ,...-.z_

Speed coefficient, (5v=,- * --:<--- ..;
-——

Resistancecoefficient, CR = ~+s
.

A
Load coefficient, CL = ---~ . —

Trimming-momentcoefficient, cli= ~+
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where A

I?,

M,

w,

~$

b,

v,

These

is load on water, lb.

water resistance,lb.

trimmingmoment, Ib.-ft.

specificweight of water (63.5lb. per cu.ft,,
for water in the IT..A.C.A.tank).

accelerationof gravity,ftO/scc.2

beam of hull, ft.

speed,ft./see,

coefficientsma.vbe used with any consistent
.qystem,of units,

Figures 34 to 38, in which c~ is ?Lotted against
CT ati-besttrim angle TO, witih,CA as a parameter,aro
developedfrom the originalresistancecurves by cross-
plotting. The points for the A/R curves of figure Z9
are calculateddirectlyfrom figures.34 to 38. The maxi-
mtimtrimming-momentcoefficientcurves of figure 41 are ob-
tainod from the maxtnumnositivevalues of trimmingmomeat
for each angle and load in figures2 to 320

DISCUSSION

Fgistanc.e,characteristics.-In figure 39, the load-—-—
resistanceratio AT is plotted against GA for each
angle of afterbodykpQl with t-hevalues of t“h~parameter
CT chosen to bring out a -performancecomparisonat vs,ri-
ous speeds. )?i~ure40 prasents the same informationlut
with &’R plot-tedagainstangle of afterbodykecl, At
hump speed, tiR decrcascswith increasein anglo of af-
terbodykeel. The percentagedecrease5s &reater for tis
larger values of CA. At Cy = 4,5 ahd” CV = 6.0, largo
improvementis obtainodhy increasingthe angle of aftcr-
body keel from 2-1/2° to 5-1/2°, Any $urther increase
producesa Much smaller inprovemont. A.t Cv = 3.5, Wilich
is internodiatobotweonhump and high spcods,tho small
angles of aftcrbodykcIGlhave the lost values of AIR,
%ut %h@ trend is loss marlced.than at hump spood,

B

*,
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The increasein A/R ratio..at the huripspeed result-
ing from a decreasein angle of afterfiodyksel ~?ohably
results from the additionallift given by the afterbody
surfacarunningat a more favora%leangle of_attackt This.
additionallift helps raise t-hehull out of t~-e“%ater, .=
thv.sdecreasingtho wave-makingresistance.

At speed.coefficientsof 4.5 and 6.0 the forebod~--”
~.

carriespracticallyall of the load whilo tho aftorbody
contritiutosonly frictionalresistance;high angles of af-
tcrbodykeel result in higher A/R ratios becausethey-
reduce the‘areaof afterbodysurface s-truckby water coming
from the st6~.

...
~.rhmming-momentcharacteristics.-The larg~ I-iftpr~-——

duced by a~ afterbodybottom surfac’erutiningat a high
an~le o: attack causes the center of pressure of the wa%e~
forces’to”move aft. Consequently,the snalterthe angle’
of afterbody‘keeljthe greater the angle of attack of-the””
aftcrbottomsurfacefor a given trin and the far$heraft
the center of yressure wtll move. For example, in the ‘“
curves for T = go and ? = 11° (fig. 41) the center of
pressurehas moved so far aft that the aa~~m~~mo~~nt is
negativefor all loads. —-

Trim-anRlecharacteristicq.-—----...——.— The best.t.riman~~etiat““
the hump decreasesbut slightlyin tignitudewith decrease
in a~gle of afterbod.ykeel. At high speeds,reducingthe
angle of keel appreciablydecreasesthe best trim a“ngl.e.
The difterkacein best trim ar@le between two of these -
‘nullsis, how6ver, numericallyless than the difference
in their angles of afterbodykeels. Thereforetho aftor-
body of smallkeel angles will run closer to tko surfaco
of the water. ...

,

static characteristics.-I’igures42 and 43 are pl~~-
ted from test data. In figure 42,“thetrimmingmome~ts at
rest are plotted for the various set”tingsof angle of iif-
ter-oody-keel. These curvesare useful for estimatingtho
magnitudeof the affect of a change in angle of afterbo-dy
keel upon the attitudeat rest of a.hull of this type.
The center of moments use& was that shown on f~~ure 1,
3’igure43 consistsof curves showingthe drafts at regt of
each ~odel for differenttrim angles and loads. The snall-
er the angle of afterbodykeel, “thehi~her i~ the water”
the hull will tend to float owing to the buoyancy supplied

t .by the afterbody. —. —-.. . ““
.
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.SWY.c~aM@&t&c&a~d xeni?ralbehavior.- The pho-
tographsof the models running i.nthe -watershow that the
spray characteristicsare affectedby changes in the an-

The effect”is shown in the en-gle of afterbodykeel.
largedphotographs(figs,44(a) to 44(d)),which compar~
model 11-C-1O (9° angle of afterbodykeel) and 11-C-8 (4°
ailgleof afterbodykeel) at the same trim angle (’7°)and
load, and at approximatelythe same speed. When compar-
ing the”picturesof the bow (c) and (d), it will be 03-
servodt-hatthe bow wave in (c) (9° angle of af~erbody
keel) is considerablyhigher than that in (d) (4° an~le of
aftertodykeel). Drafts observedat ttiisspeed (slightly
below hump speed) show the model in (c) to be ridingdeep-
er in the water than the one in (d). The resistanceswere
22.9 pounds for model 11-C-10,shown in 44(c) and 18.9
pounds for model 11-+8, shows in 44(d). Picturesof the
sternsof the”same modelsunder the,same conditionsare
shown in 44(a) and 44(b), respectively. !l?heafterbodyof
the model in (b) is runningat a largerangle of attack
and producingmore lift than the one in (a) as evidenced
in the phdtogra~hby the heavier waves a% the stern. The
bow wave of the model with.9° angle“ofafterbodykeel (c)
is slightlyhigher than that of the “modelwith 4° angle of
afterhodykeel (d), therebyverifyingthe conditionob-
servadwhen.comparing..(c)and (d). The photographsin
figures45(a) and 45(b) furnisha basis for tho comparison
of the sane models runningat 9° angle of-trim,40 pounds
load, and slightlyabove hump speed. Model 11-C-I.Oshown
in 45(a) with the largerangle of afterbodykeel has its
aftertiodyclear of the water while the one in 45(b) 11-C-8,
does not. The resistanceswere 8.8 pounds and 9.3 pounds,
respectively.

Riding on the afterhodyoccurredduring the testingofl
model 11-C-7 (2-1/2°angle of afterhodykeel). In t-hisat-
titude the stey is entireiyout of the water. The dotted
line on the resistancecurve for a load of 5 pounds (fig.
6) shows how the resistancedrops, beginningat a speed of
35 feet per second. At a t~im angle of ‘70-andloads of-20

and 40 pounds, this Model rode on thp afterbodyat all
speedsshove 25 feet per second, A full-scalehull of a
flying boat couid not be made to ride on the afterbodybe-
cause the controlmoment requiredto hold the attitude
wo-aldbe too great.

Take-of-fpxample.-The effect of chaaelngthe ailgle
of the afterbody7keel_.canbe seen from the followingex-
ample. A hypotheticalflying boat is assuned-to he fitted
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successivelywith five hulls each similarto one of the
model 11-C forms that were tested. Aside from the hull
each combir.ationhas t’kefollowingcharacteristics:

Gross load . . . ... . . . .. . 15,000 l-b.

‘iTingarea . . . . . . . . . . 1,000 Sq.ft.
--

~orsepower(two,engines) . . ● 1,240
-.

Effectiveaspect ratio
-.

(with ground effect~ . . . . . 7.o

Farasite-dragcoefficient
—____

(excludinghull) . . . . . . . 0.05 .

Airfoil . . . . . . . . . . . Clark Y (data taken
from !T.R,No. 352,
iV.A.C.A,)

Propeller diameter . . . . . 10 ft.

Propellerpitch angle
(fixedpitch at 0.’75R). . . 19°

A wing settingof 8° was used in all cases in order
quickly to transferthe load from the h-tillto the wings:
The curves for thrust, total resistance(air plus water),-
and air drag are shown in figure 46. The thrust was cal-
culatedfrom the char”tsof reference3. .-

The calculatedperformancesof the flying heats com-”-
pare as follows: = —-

Hull ~~-c-lo 11-C-9 11-C 11-C-8”11-~-’l’

Angle of after-
body keel, deg. 9 ?

Beam, ft. 8.075 8.0’75

Take-off tine,
sec. -24+2 38*4

:W+ =’”:~
Take-offrun,
ft. 3460 3640

5-1/2 4 2-1/2

8,075 8.0?5 8.075 “-—

.28.? 3507 --
“4z +* -<-4 ‘-.--——-_-.<.- -,,.-

3880 5140 --
f

u
. .
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It will be seen that-ata .spqedof .85feet per second
the’resistanceof tho craft with tho 2-1/2° an&le of after-
body keel exceedsthe tfirustand ~oes not fall Velow the
thrustuntil a speed of 95 feet -persecoud is reached.
With this hull the craft will not take off.

The talnzlatedvalues of take-offtime and distance
indicatethat littleadditionalimprovementcan be ox-
pec’cedby increasingtho angle of afterbodykoc+lbeyond 9°.

Pigurc 46 shows that sott-i.ng.thcaftcrbodyof tho hy-
-pothoticalhull at a smallanglo causesa docroasoin ox=
coss thrust that extends over a considerableportionof
the high-spo~drange;whoroas,tho gain in excess thrust
at tho hump extendsover a small rqnge of spood. If larger
thrust had been assumed$ the high-s-peedrosistancopeak
would havo koon lGSB criticaland .thoadvuntagoshomn “oy
tho lartiorangles of aftorbodykeel would have bcon ro-
ducod.

CONCLUSIONS

These conclusions.are based oil tests of riodelshaving
a depth of step of ‘3.3percent of the becm~ Changingthe
depth of the step will produce effects that were not pres-
ent in theso tests,

1. A smallanglo of af+erbodykeel is ~avorabl.efor
~ow resistanceat l’owspeeiLand a l~rge angle is best at
high speeds.

2. Yor the hull tested,having a load coefficient
GA of 0.4 at the hump, the optinmmanglo of afterbody
keel is near 9°.

3. A smallangle of aftorbodykeel reduces the maxim-
um positive trimmingmomont.

4, A hull with a large anglo of aftorbodykcol has
a larger best t~im anglo at high spoods.

Further tests are planned in which tho anglo of .aftor-
body keel will be varied up to 15° for o.achof sovoral
depths of ste~.

Langley I{omorialAeronauticalLaboratory,
NationalAdvisory Committeefor Aeronautics,

LangleyYield, Vs., July 10, 1935.
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Model 11-0-10
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